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PREFACE 

This repor t  was prepared by the  Coastal Engineering Research Center 

(CERC) a t  the  US Army Engineer Waterways Experiment S ta t ion  (WES) and i s  a 

product of t he  Los Angeles and Long Beach Harbors Model Enhancement (HME) 

Program. This program has been conducted j o in t l y  by t he  Ports  of Los Angeles 

and Long Beach, t he  US Army Corps of Engineers, Los Angeles D i s t r i c t  (SPL) , 
and WES. The purpose of the  HME Program has been t o  provide state-of-the-art  

engineering too l s  t o  a i d  i n  por t  development. 

This invest igat ion was conducted by personnel of CERC a t  WES during 

June 1987 t o  October 1988. The study was under general supervision of 

D r .  James R.  Houston and M r .  Charles C .  Calhoun, J r . ,  Chief and Assistant  Chief, 

CERC, respect ively;  and under d i r ec t  supervision of M r .  C .  Eugene Chatham, J r . ,  

Chief, Wave Dynamics Division ( C W )  and M r .  Douglas G. Outlaw, Chief, Wave 

Processes Branch (CW-P), CERC. Data were obtained from the  Circulatory 

Surveys Branch, National Oceanic Survey. 

Prototype data  were reduced and analyzed and t h i s  repor t  prepared by 

M r .  Ernest R .  Smith, Hydraulic Engineer, CW-P. Ms. Lee Ann Germany, CW-P, 

CERC, typed t h i s  repor t ,  and M s .  Shi r ley  J .  Hanshaw, Information Products 

Division, WES, edi ted  t h i s  repor t .  

Commander and Director of WES during t he  study was COL Dwayne C .  Lee, 

EN; Technical Director was D r .  Robert W. Whalin. 
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CONVERSION FACTORS, NON-SI TO SI (METRIC) 
UNITS OF MEASUREMENT 

Non-SI units of measurement used in this report can be converted to SI 

(metric) units as follows: 

Multiply 

Fahrenheit degrees 

feet 

feet per second 

knots 

miles 

miles per hour 

pounds per square feet 

pounds per square inch 

To Obtain 

Celsius degrees or 
kelvins3' 

metres 

centimetres per second 

kilometres per hour 

kilometres 

kilometres per hour 

kilograms per square 
centimetres 

millibars 

To obtain Celsius (C) temperature readings from Fahrenheit (F) readings, 
use the following formula: C = (5/9) (F-32). To obtain Kelvin (K) 
readings, use K = (5/9) (F-32) + 273.15. 



LOS ANGELES AND LONG BEACH HARBORS 

MODEL ENHANCEMENT PROGRAM 

Current, Tide, and Wind Data Summary f o r  1983 

PART I: INTRODUCTION 

Background 

1 .  Los Angeles and Long Beach Harbors a re  adjacent,  but separate ,  

harbors located on t he  southern California coast i n  San Pedro Bay. The por ts  

share a common breakwater system which encloses one of the  l a rges t  man-made 

harbor systems i n  t he  world. 

2. In  response t o  the  expansion of oceanborne world commerce, the  

Ports  of Los Angeles and Long Beach a re  conducting planning s tudies  f o r  

harbor development i n  coordination with the  US Army Corps of Engineers, 

Los Angeles D i s t r i c t  (SPL), Our por t s  a r e  a na tura l  resource, and enhanced 

por t  capacity i s  v i t a l  t o  t he  Nation's economic well-being, I n  a f e a s i b i l i t y  

study being conducted by SPL, the  Ports  of Los Angeles and Long Beach (LA-LB) 

a r e  proposing a well-defined and necessary expansion t o  accommodate predicted 

needs i n  the  near future .  The Corps of Engineers (CE) w i l l  be charged with 

respons ib i l i ty  f o r  providing deeper channels and determining e f f ec t s  of t h i s  

construction on the  l oca l  environment. Examination of f i e l d  data i s  required 

t o  determine e f f ec t s  of wind on t i d a l  c i rcu la t ion .  

3. The Coastal Engineering Research Center ( C E R C )  acquired 1983 cur- 

r en t  and t i d e  data i n  Los Angeles and Long Beach Harbors from the  National 

Oceanic and Atmospheric Administration (NOAA) . Wind data  from Long Beach 

Airport a l so  were obtained. Locations of current  meter and t i d e  gage s ta -  

t ions  a r e  shown i n  Tigure I .  

Objective 

4 ,  The purpose of t h i s  repor t  i s  t o  describe prototype current ,  t i d e ,  

and wind data obtained f o r  Los Angeles and Long Beach Harbors f o r  examining 

the  e f f ec t s  of wind on harbor c i rcula t ion.  The data a l so  can be used f o r  

numerical model ca l ib ra t ion  of the  harbors. 





PART 11: DATA REDUCTION AND ANALYSIS 

5. C u r r e n t ,  t i d e  and wind d a t a  are a r c h i v e d  i n  ASCII f i l e s  and are 

a v a i l a b l e  on r e q u e s t .  

C u r r e n t  Data  

6 .  C u r r e n t  d a t a  were c o l l e c t e d  from f i f t e e n  s t a t i o n s  d u r i n g  t h e  p e r i o d  

1 June  - 3 August ,  1983. Each s t a t i o n  i n c l u d e d  one ,  two, o r  t h r e e  c u r r e n t  

m e t e r s  p l a c e d  a t  d i f f e r e n t  d e p t h s ,  u s u a l l y  s u r f a c e ,  mid-depth,  and bot tom. 

Not a l l  meters c o l l e c t e d  d a t a  c o n t i n u o u s l y  d u r i n g  t h e  two months.  P e r i o d s  o f  

o p e r a t i o n  f o r  each  meter  a r e  shown i n  F i g u r e  2 .  

7. Data were sampled by Aandera c u r r e n t  m e t e r s  a p p r o x i m a t e l y  e v e r y  t e n  

m i n u t e s .  Data i n c l u d e d  d i r e c t i o n  i n  which t h e  c u r r e n t  was f l o w i n g  ( d e g r e e s  

from t r u e  n o r t h ) ,  c u r r e n t  speed  ( c e n t i m e t e r s  p e r  s econd ,  c m / s ) ,  t e m p e r a t u r e  
2 2 ( d e g r e e s  C e l s i u s ) ,  p r e s s u r e  (k i lograms/cm , kg/cm ) ,  and c o n d u c t i v i t y  

(mi l l imhos /cm,  mmho/cm). O the r  i n f o r m a t i o n  c o n s i s t e d  o f ;  s t a t i o n  number, 

c u r r e n t  meter s e r i a l  and r e f e r e n c e  numbers,  s h i p  name, f i r s t  and las t  J u l i a n  

d a t e  o f  d a t a  c o l l e c t i o n ,  w a t e r  d e p t h  a t  t h e  s t a t i o n  ( m e t e r s ,  m ) ,  s e n s o r  d e p t h  

(m) below mean low water ( m l w ) ,  and t h e  obse rved  t i m e  o f  s ampl ing .  

8. Data were p r e s e n t e d  as r o s e  p l o t s  and s t i c k  v e c t o r  p l o t s .  Rose 

p l o t s  were made f o r  eve ry  c u r r e n t  m e t e r .  Speed and d i r e c t i o n  t o  t h e  f l o w  were  

c o n v e r t e d  t o  U ( p o s i t i v e  n o r t h )  and V ( p o s i t i v e  east) components.  Speeds  

g r e a t e r  t h a n  35 cm/s were set  e q u a l  t o  t h i s  maximum v a l u e ,  and s p e e d s  l e s s  

t h a n  2 cm/s were removed t o  a v o i d  c l u t t e r e d  d a t a  i n  t h e  c e n t e r  o f  t h e  p l o t .  

S i n c e  f l o w  i n  t h e  back c h a n n e l s  and i n n e r  h a r b o r  was small, an  uppe r  l i m i t  o f  

35 cm/s was s e l e c t e d  t o  view d a t a  on a  r o s e .  C u r r e n t  r o s e  p l o t s  a r e  p r e s e n t e d  

i n  Appendix A .  

9. C u r r e n t  v e c t o r  p l o t s  were made f o r  e v e r y  s t a t i o n .  A l l  c u r r e n t  

m e t e r s  a t  t h e  s t a t i o n  were p l o t t e d  c o l l e c t i v e l y  ove r  a  s even  day p e r i o d .  

Water d e p t h  a t  t h e  s t a t i o n  is shown on t h e  v e r t i c a l  a x i s  and v e c t o r s  were  

p l o t t e d  on a h o r i z o n t a l  ba se  l i n e  r e p r e s e n t i n g  t h e  s c a l e d  d e p t h  o f  t h e  c u r r e n t  

meter. Appendix B c o n t a i n s  a l l  c u r r e n t  v e c t o r  p l o t s .  
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S - Surface 
M - Mid-depth 
B  - B o t t o m  

- DAYS DATA COLLECTED 

Figure 2.  Current ve loc l ty  data col lect ion,  
1 June - 3 August, 1983 



T i d a l  E l e v a t i o n  Data  

10. T i d a l  e l e v a t i o n  d a t a  were o b t a i n e d  d u r i n g  May and J u n e ,  1983 from 

t i d e  s t a t i o n s  0680 (Long Beach) and 0660 (Los Angeles B e r t h  6 0 ) .  Water 

e l e v a t i o n s  were measured i n  f e e t  ( f t )  h o u r l y .  Other  d a t a  i n c l u d e d  d a i l y  h i g h  

and low wate r  e l e v a t i o n s  and t ime  of  o c c u r r e n c e .  

11. Water e l e v a t i o n  c o r r e c t e d  t o  m l w  v e r s u s  t i m e  over  seven  day 

i n t e r v a l s  f o r  each s t a t i o n  is p l o t t e d  i n  Appendix C .  

Wind Data 

12.  Wind d a t a ,  d u r i n g  1 May - 5 August ,  1983,  were o b t a i n e d  from 

r e c o r d s  o f  S u r f a c e  Weather O b s e r v a t i o n s  a t  Daughtery F i e l d ,  Long Beach, 

l o c a t e d  approx imate ly  f i v e  m i l e s  n o r t h e a s t  of t h e  h a r b o r .  Records were 

s e c u r e d  th rough  t h e  N a t i o n a l  C l i m a t i c  Data C e n t e r .  Observa t ions  were u s u a l l y  

h o u r l y ,  and ,  o c c a s i o n a l l y ,  more f r e q u e n t .  Data i n c l u d e d  wind speed  i n  k n o t s ,  

wind d i r e c t i o n ,  sky and c e i l i n g  o b s e r v a t i o n s ,  v i s i b i l i t y  i n  m i l e s ,  s e a  l e v e l  

p r e s s u r e  i n  m i l l i b a r s ,  t e m p e r a t u r e  i n  d e g r e e s  F a h r e n h e i t ,  and dew p o i n t  i n  

d e g r e e s  F a h r e n h e i t .  

13. Wind d a t a  were p l o t t e d  as r o s e  p l o t s  and s t i c k  v e c t o r s  and 

p r e s e n t e d  i n  Appendix D .  Wind speed  was conver ted  t o  m i l e s  p e r  hour (mph), 

and d i r e c t i o n  was s h i f t e d  180° t o  t h e  d i r e c t i o n  toward which wind was 

blowing.  One wind r o s e  was p l o t t e d  f o r  t h e  t o t a l  p e r i o d .  Wind speed and 

d i r e c t i o n  s t i c k  v e c t o r s  were p l o t t e d  over  seven  day i n t e r v a l s .  

R e s u l t s  

1 4 .  C u r r e n t  d a t a  a t  e a c h  mete r  were d i v i d e d  i n t o  16 ,  22.5 deg 

d i r e c t i o n a l  bands.  Average speed  and p e r c e n t  of  f low o c c u r r i n g  i n  each 

d i r e c t i o n  were p l o t t e d  and p r e s e n t e d  i n  F i g u r e s  3-16. 

15. Average speed f o r  a l l  d i r e c t i o n s ,  maximum v e l o c i t y  and d i r e c t i o n ,  

n e t  v e l o c i t y  and d i r e c t i o n ,  t o t a l  d e p t h  of each m e t e r ,  and t h e  t o t a l  dep th  a t  

t h e  s t a t i o n  a r e  l i s t e d  i n  T a b l e  1 .  Average speed was h i g h e s t  f o r  s u r f a c e  

m e t e r s  a t  each s t a t i o n ,  excep t  a t  S t a t i o n  25, where t h e  mid-depth mete r  was 

s l i g h t l y  h i g h e r .  Maximum v e l o c i t i e s  a l s o  were s t r o n g e s t  a t  t h e  s u r f a c e ,  

a l t h o u g h  t h e  bottom meter  a t  S t a t i o n  13 recorded  a v e l o c i t y  e q u a l  t o  t h e  

s u r f  a c e .  
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S T R T I C T N  1 2 ,  7 . 3  M D E P T H  

S T R T I O N  12 ,  1 0 . 4  M D E P T H  
Figure 3. Average speed and percent occurrence by di rect ion 

fo r  surface and mid-depth meters a t  Sta t ion 1 2  



(CM/S) % O C C U R E N C E .  

S T R T I C I N  12, 18.0 M D E P T H  

d 

% CICCURENCE 

STRTION 13 ,  5.5 M D E P T H  
Figure 4,. Average speed and percent occurrence by di rect ion f o r  

bottom meter a t  Sta t ion 12 and surface meter a t  Sta t ion 13 



J 

% O C C U R E N C E  

S T F I T I g N  1 3 ,  8.5 M D E P T H  

( C M / S I  % O C C U R E N C E  

S T F I T I O N  13,  17.7 M D E P T H  
Figure 5. Average speed and percent occurrence by d i rec t ion  

f o r  mid-depth and bottom meters a t  S ta t ion  13 



( C M / S )  % C ICCURENCE 

STRTIC1N 1 4 ,  11.6 M D E P T H  

(CM/SI % C I C C U R E N C E  

S T R T I O N  1 4 ,  1 2 . 8  M D E P T H  
Figure 6. Average speed and percent occurrence by di rect ion 

f o r  surface and bottom meters a t  S ta t ion  14 



S T F l T I O N  19, 4.3 M D E P T H  
Figure 7 .  Average speed and percent occurrence by direction 

fo r  surface meters a t  Stations 15 and 19 



STRTION 1 9 ,  1 3 . 4  M D E P T H  

Figure 8. Average speed and percent occurrence by di rect ion 
fo r  mid-depth and bottom meters a t  Sta t ion 19 



( C M / S l  % O C C U R E N C E  

S T H T I O N  20, 6.11 M D E P l ' H  

( C M / S l  % O C C U R E N C E  

Figure 9 ,  Average speed and percent occurrence by d i r ec t i on  
f o r  surface and bottom meters a t  S ta t ion  20 



( C M / S I  % CICCURENCE 

STRTION 21 ,  12.5 M DEPTH 

( C M / S l  % O C C U R E N C E  

STRTION 22, 6.1 M DEPTH 
Figure 10. Average speed and percent occurrence by direction 

for bottom meters at Stations 21 and 22 



( C M / S l  % O C C U R E N C E  

S T H T I O N  2 3 ,  3.11 M D E P T H  

S T F I T I O N  2 3 ,  1 3 . 1  M D E P T H  

Figure 11. Average speed and percent occurrence by direction 
for  surface and bottom meters a t  Station 23 



S T R T I C I N  25, U m G  M D E P T H  
F i g u ~ e  12 .  Average speed and percent occurrence by direction 

for  surface meters a t  Stations 24 and 25 



( C M / S I  % CICCURENCE 

S T F I T I O N  2 5 ,  7.G M D E P T H  

( C M / S )  % O C C U R E N C E  

S T R T I O N  2 5 ,  1 9 . 2  M D E P T H  

Figure 13. Average speed and percent occurrence by di rect ion 
fo r  mid-depth and bottom meters a t  Sta t ion 25 



( C M / S l  % CICCURENCE 

STRTION 25, U o G  M D E P T H  

I C M / S )  % OCCURENCE 

STRTION 26, 17.7 M D E P T H  
Figure 14 .  Average speed and percent occurrence by direction 

for  surface and bottom meters a t  Station 26 



( C M / S I  % O C C U R E N C E  

S T F l T I O N  30, 11.0 M D E P T H  

J 

% O C C U R E N C E  

S T F I T I O N  30, 13.1 M D E P T H  

Figure 15. Average speed and percent occurrence by di rect ion 
f o r  surface bottom meters a t  S ta t ion  30 



S T R T I C l N  35 ,  U . 9  M D E P T H  

Figure 16. Average speed and percent occurrence by direction 
for  surface meters a t  Stations 33 and 35 



1 6 .  Average wind speeds  and p e r c e n t  o f  o c c u r r e n c e  i n  e a c h  22.5O band 

are t a b u l a t e d  i n  T a b l e  2 .  Wind most f r e q u e n t l y  blew t o  t h e  n o r t h ,  n o r t h -  

n o r t h e a s t ,  e a s t  and s o u t h - s o u t h e a s t  d u r i n g  t h e  d a t a  c o l l e c t i o n  p e r i o d .  

H i g h e s t  a v e r a g e  wind s p e e d s  o c c u r r e d  f o r  t h e  e a s t  and e a s t - n o r t h e a s t  d i r e c -  

t i o n s .  The wind r o s e  p l o t  i n  Appendix D shows maximum wind s p e e d s  were  east 

t o  n o r t h e a s t  . 

O u t s i d e  Harbor 

1 7 .  Average s p e e d s  a t  s t a t i o n s  o u t s i d e  t h e  h a r b o r ,  S t a t i o n s  12-15,  v a r y  

l i t t l e  by d i r e c t i o n .  However, p e r c e n t  o c c u r r e n c e  p l o t s  show dominant  f l ow  

p r i m a r i l y  i n  two d i r e c t i o n s .  The h i g h e s t  p e r c e n t  o f  f l o w  a t  t h e  s u r f a c e  and  

mid-depth  m e t e r s  o f  S t a t i o n  12 was e a s t - n o r t h e a s t ,  and e a s t  a t  t h e  bot tom.  

Flow was main ly  e a s t  a t  t h e  s u r f a c e  and mid-depth m e t e r s  o f  S t a t i o n  13 ,  and  

west t o  wes t - sou thwes t  n e a r  t h e  bot tom.  S u r f a c e  c u r r e n t s  a t  S t a t i o n  14 were 

p redominan t ly  e a s t  t o  s o u t h - s o u t h e a s t ,  and west on t h e  bot tom.  Flow a t  

S t a t i o n  15 was mos t ly  SE a t  s u r f a c e .  Except  f o r  S t a t i o n  23 ,  n e a r  A n g e l ' s  

Gate, maximum c u r r e n t  s p e e d s  o v e r  t h e  su rvey  p e r i o d  o c c u r r e d  o u t s i d e  t h e  

b r e a k w a t e r .  

18. S u r f a c e  and mid-depth c u r r e n t s  were a f f e c t e d  more t h a n  bot tom 

c u r r e n t s  by winds .  During s e v e r a l  p e r i o d s ,  o f f s h o r e  c u r r e n t s  d i d  n o t  

o s c i l l a t e  a n d  t e n d e d  t o  f l o w  i n  a p p r o x i m a t e l y  t h e  same d i r e c t i o n  as o c c u r r e d  

a t  S t a t i o n  1 2 ,  16 J u l y  - 21 J u l y  ( p p  B9 a n d  ~ 1 0 ) .  S i m i l a r  events o c c u r r e d  a t  

the  o t h e r  o f f s h o r e  s t a t i o n s  b u t  u s u a l l y  a t  d i f f e r e n t  time p e r i o d s .  C o r r e l a -  

t i o n  w i t h  changes  i n  wind d i r e c t i o n  is n o t  c o n s i s t e n t ,  p e r h a p s  due t o  t h e  

l o c a t i o n  o f  t h e  wind gage  a t  t h e  a i r p o r t .  O c c a s i o n a l l y ,  wind appea red  t o  

i n f l u e n c e  bot tom c u r r e n t s ,  b u t  bot tom c u r r e n t s  were p r i m a r i l y  o s c i l l a t o r y .  

Outer  Harbor 

19 .  C u r r e n t  d i r e c t i o n s  i n  t h e  o u t e r  h a r b o r  o s c i l l a t e d  between two t o  

t h r e e  d i r e c t i o n s .  Dominant f low was main ly  east f o r  s u r f a c e  and  mid-depth 

m e t e r s ,  e x c e p t  f o r  S t a t i o n s  23 ,  2 4 ,  and 26. Bottom f low was m o s t l y  w e s t e r l y ,  

e x c e p t  a t  S t a t i o n  21 ,  where dominant  f l o w s  were o r i e n t e d  n o r t h ,  s o u t h ,  and  

n o r t h - n o r t h e a s t ,  a p p r o x i m a t e l y  i n  t h e  d i r e c t i o n  o f  t h e  main c h a n n e l .  Average 

s p e e d  was s l i g h t l y  h i g h e r  a t  S t a t i o n  21 t o  t h e  s o u t h ,  b u t  was r e l a t i v e l y  

c o n s i s t e n t  i n  a l l  o t h e r  d i r e c t i o n s .  Average c u r r e n t  speed  a t  S t a t i o n  23, 



located near the Angel's Gate entrance, was strong i n  the flood di rect ion,  

N N E ,  which was a l so  the predominant flow. The two highest current magnitudes 

(58.0 and 53.0 cm/s) for  the collect ion period were recorded a t  the surface 

and bottom meters of Station 23 ( i n  the flood direction) and occurred w i t h i n  

e ight  minutes. Average flow was uniform in a l l  direct ions a t  Stat ion 24 ( 1 6  

t o  18 cm/s). Stat ion 24 appears t o  be sheltered from flow in the ebb 

di rect ion by Pier J and the predominant flow was west to  west-northwest. Flow 

a t  Sta t ion 25 was evenly distr ibuted a t  surface (10-14 cm/s), mid-depth (12-14 

cm/s), and bottom (11-13 cm/s). Highest percent of flow was eas t  a t  surface 

and mid-depth meters, and west a t  the bottom. Currents a t  Stat ion 26 followed 

the Long Beach Channel alignment, NW and SE, for  surface and bottom meters. 

Average velocity was consistent (10-14 cm/s) in a l l  direct ions.  

20. Effect of wind on the outer harbor s t a t ions  was similar  t o  the 

e f f ec t  on s ta t ions  outside the breakwater. Surface and mid-depth currents 

experienced long periods of almost unidirectional flow, such a s  13 June - 15 

June a t  S ta t ion  20 (p ~ 3 4 ) .  Bottom currents  continued t o  o s c i l l a t e  during 

these periods. 

Back Channel 

21. Currents a t  Station 33, in the Long Beach Harbor inner channel, 

follow the channel alignment, W N W  and ESE, but were most frequently WNW. 

Maximum average flow also  was W N W  and ESE. A t  Stat ion 35, flow was 

predominately west and west-southwest, approximately i n  the direction of the 

channel near the boundary between the Ports. Net direction (Table 1 )  

calculated for Stat ions 33 and 35 indicate flow was counterclockwise in  the 

back channel. 



PART I I1 : SUMMARY 

22.  C u r r e n t ,  t i d e ,  and  wind d a t a  from 1983 are p r e s e n t e d  f o r  Los 

A n g e l e s  a n d  Long Beach H a r b o r s .  F i g u r e s  p r e s e n t e d  can  b e  u s e d  f o r  c o m p a r i s o n  

w i t h  model  r e s u l t s  f rom t h e  area. 

23. A n a l y s i s  o f  p r o t o t y p e  d a t a  d u r i n g  t h e  o b s e r v a t i o n  p e r i o d  i n d i c a t e s :  

2 .  Average c u r r e n t  s p e e d  by d i r e c t i o n  a t  mos t  s t a t i o n s  was 

r e l a t i v e l y  u n i f o r m .  However,  f r e q u e n c y  o f  o c c u r r e n c e  d a t a  

i n d i c a t e d  f l o w  was g e n e r a l l y  i n  two main d i r e c t i o n s .  

b .  H i g h e s t  wind s p e e d s  were b l o w i n g  t o  t h e  east and  n o r t h e a s t .  - 
c .  S u r f a c e  c u r r e n t s  o u t s i d e  t h e  b r e a k w a t e r  were e a s t e r l y ,  ENE t o  - 

SSE . 
d .  S u r f a c e  c u r r e n t s  i n  t h e  o u t e r  h a r b o r  area were e a s t e r l y  a t  - 

most  s t a t i o n s .  Bot tom c u r r e n t s  were w e s t e r l y  a t  m o s t  

s t a t i o n s .  

e .  Bottom c u r r e n t s  a p p e a r  t o  be o s c i l l a t o r y  d u r i n g  p e r i o d s  when - 
s u r f a c e  c u r r e n t s  c a n  b e  a p p r o x i m a t e l y  u n i d i r e c t i o n a l ,  

a p p a r e n t l y  u n d e r  t h e  i n f l u e n c e  o f  l o c a l  w i n d s .  

f .  Wind a f f e c t s  were n o t  as a p p a r e n t  i n  t h e  b a c k  c h a n n e l  area as  - 

i n  t h e  o u t e r  h a r b o r  a n d  o u t s i d e  t h e  b r e a k w a t e r .  

g .  Flow i n  t h e  back  c h a n n e l  was p r e d o m i n a n t l y  c o u n t e r c l o c k w i s e .  



Table 1 

Maximum, Average, and Net Currents 

Speed Direction Net 
Station Ave Max. @Max Speed Direction 

cm/s cm/s degrees cm/s degrees 

Depth (MLW) 
Sensor Station 



Table  2 

Average Wind S ~ e e d  bv D i r e c t i o n  

Average 
Speed P e r c e n t  

D i r e c t i o n  mph Occurrence  - 
NNE 8.5 12.8 

N E 

ENE 

ESE 8.1 10.4 

SE 

SSE 

SSW 4.0 1 .6  

SW 

WSW 

W 

WNW 

NW 

NNW 

N 

No Wind 



APPENDIX A: CURRENT ROSE PLOTS 







C U R R E N T  V E C T O R  R a S E  
( C M / S I  

LOS R N G E L - E S  H Q R B U R  
S T F l T I O N  1 2 ,  1 8 . 0  M D E P T H  

1 J U N E  - 2 R U G U S T ,  1 9 8 3  



C U R R E N T  V E C T O R  RCISE 
( C M / S I  

N 

LO5 R N G E L E S  H R R B O R  
S T R T I O N  13 ,  5 . 5  M D E P T H  

1 J U N E  - 2 R U G U S T ,  1 9 8 3  



C U R R E N T  V E C T O R  R O S E  
I C i " i / S )  

LOS R N G E L E S  H Q R B O R  
STRTIUN 13, 8.5 PI D E P T H  

1 JUNE - 2 F I U G U S T ,  1983 



C U R R E N T  V E C T O R  R D S E  
( C M / S l  

N 

W E 

S 

LO5 R N G E L E S  H R R B O R  
STQTION 13, 17.7 M D E P T H  

1 J U N E  - 2 R U G U S T ,  1983 



I CURRENT V E C T O R  R D S E  

LOS R N G E L E S  H R R B D R  
S T F I T I O N  1 4 ,  11.6 M D E P T H  

3 0  J U N E  - 2 1  JULY ,  1983 



C U R R E N T  V E C T O R  ROSE 
( C M / S )  

N 

W E 

S 

LOS R N G E L E S  H R R B O R  
S T R T I O N  14, 1 2 . 8  M D E P T H  

30  J U N E  - 2 H U G U S T ,  1983 





CURRENT V E C T O R  R O S E  
( C M / S I  

N 

W E 

S 

LOS R N G E L E S  H R R B O R  
S T F l T I C l N  19, 11.3 M D E P T H  

1 J U N E  - 2 2  J U N E ,  1983 



C U R R E N T  V E C T O R  R O S E  
(CM/SI 

L O S  Q N G E L E S  H R R B O R  
S T F I T I O N  19, 7 . 3  M D E P T H  

1 J U N E  - 2 2  J U N E ,  1983 



C U R R E N T  V E C T O R  R O S E  
I C M / S )  

LOS R N G E L E S  H R R B O R  
STRTION 19, 1 3 . Y  M D E P T H  

G J U N E  - 2 2  J U N E ,  1983 





C U R R E N T  V E C T O R  R O S E  
(CM/SI 

N 

LOS RNGELES H R R B O R  
STRTION 20, 12.5 M D E P T H  

2 J U N E  - 20 J U N E ,  1983 



C U R R E N T  V E C T O R  R O S E  
I C M / S I  

N 

W E 

S 

LOS R N G E L E S  H R R B O R  
S T Q T I O N  2 1 ,  1 2 . 5  M D E P T H  
16 J U N E  - 5 JULY,  1983 



C U R R E N T  V E C T O R  R O S E  
I C M / S )  

N 

W E 

S 

L O S  R N G E L E S  H R R B O R  
S T R T I C I N  22, 6. 1 M D E P T H  

1 J U N E  - 17 J U N E ,  1983 



C U R R E N T  V E C T O R  R O S E  
( C M / S I  

N 

S T R T I O N  2 3 ,  3.11 M D E P T H  
15 J U N E  - 3 R U G U S T ,  1 9 8 3  



C U R R E N T  V E C T O R  R O S E  
(CM/SI 

N 

W E 

S 

L U S  R N G E L E S  H H R B U R  
S T F I T I O N  23, 1 3 . 1  M D E P T H  
15 J U N E  - 3 F I U G U S T ,  1983 



L O S  R N G E L E S  H R R B O R  
S T R T I O N  2 4 ,  4.9 M D E P T H  

1 4  J U L Y  - 3 R U G U S T ,  1 9 8 3  



CURRENT VECTOR ROSE 
( C M / S I  

N 

h 

LCJS RNGELES H R R B O R  
I STRTION 25, 4.G M D E P T H  1 



CURRENT V E C T O R  R O S E  
I C M / S I  

N 

W E 

S 

LUS R N G E L E S  M R R B O R  
S T F I T I O N  25, 7.6 M D E P T H  
15 J U N E  - 18 JULY,  1983 



C U R R E N 1  V E C T O R  R O S E  
I C I l / S I  

N 

W E 

S 

LCIS FINGELES H R R B f l R  
S T F I T I O N  25, 19.2 M D E P T H  
15 J U N E  - 18 JULY,  1983 



C U R R E N T  V E C T O R  ROSE 
( C M / S I  

N 

W E 

S 

LOS R N G E L E S  H f l R B O R  
STRTION 26, 4.G PI D E P T H  
30 J U N E  - 18 JULY,  1983 

i 



C U R R E N T  V E C T O R  R O S E  
I C M / S I  

N 

W E  

5 

L O S  R N G E L E S  H R R B O R  
STRTION 2 6 ,  17.7 M D E P T H  

30 J U N E  - 18 JULY,  1983 



C U R R E N T  V E C T O R  R O S E  
ICM/SI 

L O S  R N G E L E S  H R R B O R  
S T F I T I O N  30 ,  4 - 0  M D E P T H  

1 J U N E  - 1 7  J U N E ,  1983 



C U R R E N T  V E C T O R  R O S E  
I C M / S I  

N  

W E 

S 

LCJS R N G E L E S  H R R B O R  
STRTION 30 ,  13 .1  M D E P T H  

1 J U N E  - 1 7  J U N E ,  1983 



C U R R E N T  V E C T O R  R O S E  
I C M / S I  

N 

E 

S 

L O S  R N G E L E S  H R R B O R  
S T F I T I O N  3 3 ,  11-3 M D E P T H  

15 J U N E  - 5 JULY, 1983 



C U R R E N T  V E C T O R  R O S E  
I C M / S I  

N 

E 

S 

L O S  R N G E L E S  H R R B O R  
S T F I T I O N  35, 11.9 M D E P T H  

1G J U N E  - 5 JULY ,  1983 

* i 



APPENDIX B: CUaRENT VECTOR PLOTS 



C U R R E N T  
V E C T O R  SCRLE 

-N 
0 30 C M / S  

i 

LOS R N G E L E S  H Q R B O R  
STRTION 1 2  
1 J U N E  - 7 J U N E ,  1983 

1 ,  2 3 IC 5 G 7 

C A L E N D R R  D R T E  



S T F I T I O N  1 2  
8 J U N E  - 1 U  J U N E ,  1983  

V E C T O R  S C R L E  -- N 

I I I I I I I I 

8 9 10 11 12 1 3  111 

C A L E N D A R  D A T E  



C U R R E N T  V E C T O R  P L O T  
L O S  Q N G E L E S  HRRBOR 
S T F l T I O N  12  
15 J U N E  - 2 1  JUNE,  1983 

C U R R E N T  

V E C T O R  S C Q L E  
-N 

15 16 1 7  18 19 2 0 2 1 

C R L E N D R R  O R T E  



7 

V E C T O R  S C R L E  
-N 

2 2  2 3  2 11 25 26 27 28 

C R L E N D R R  D R T E  



LOS Q N G E L E S  H R R B O R  
STRTION 12 
29 JUN E  - 5 J U L Y ,  1983 

VECTC lR  S C A L E  
-N 

2 9 3 0 1 2 3 4 5 

CRLENDAR D R T E  



V E C T O R  SCALE 
- N  

6 7 8 9 10 11 12 

C R L E N D R R  D R T E  



C U R R E N T  
V E C T O R  SCf lLE  

-N 

13 , 14  15  16 1 7  18 1 9  

C A L E N D A R  D R T E  



LOS RNGELES H R R B O R  
S T F I T I O N  12 
20 JULY - 2 6  JULY, 1983  

V E C T O R  S C R L E  
- N  

20 2 1 2 2  2 3  2U 2 5 2G 

CRLENDAR D R T E  



C U R R E N T  V E C T O R  P L O T  
LOS RNGELES H R R B O R  
STRTION 1 2  
27 JULY - 2 R U G U S T ,  1 9 8 3  

C U R R E N T  

' E C T O R  SCFlLE 
-------- N 
0 30 C M / S  

2 8 2 9 3 0 3 1 1 

Cf lLENDRR D R T E  



C U R R E N T  V E C T O R  P L O T  
LOS R N G E L E S  H Q R B O R  
S T F l T I O N  13  
1 J U N E  - 7 J U N E ,  1983 

CURRENT 
V E C T O R  SCRLE 

--N 
0 30 C M / S  

3 u 5 G 

C A L E N D R R  D R T E  



L O S  QNGELES H R R B O R  
S T F I T I O N  13  
8 J U N E  - 1U J U N E ,  1983 

V E C T O R  S C R L E  
- N  

I I I I I I I I 

6 9 1 0  1 1  1 2  13 1 ii 

C R L E N D R R  D R T E  



L B S  R N G E L E S  H Q R B O R  
STRTION 13 
15 J U N E  - 21 J U N E ,  1983 

V E C T O R  S C f l L E  
-N 

15 , 16 1 7  18 19 2 0 2 1 

C A L E N D R R  D R T E  



V E C T O R  SCRLE 
-------- N 

2 2 ,  2 3  24 2 5 26 27 28 

C R L E N D f l R  D R T E  



f 

LOS R N G E L E S  H R R B O R  
STF lT IC IN  13 
29 J U N E  - 5 JULY, 1983 

C U R R E N T  
V E C T O R  SCQLE 

-N 

I I I I I I I I I 
2 9 3 0 1 2 3 4 5 

C R L E N D R R  D R T E  



MLW 

CURRENT VECTOR P L O T  
LOS R N G E L E S  HQRBDR 
STRTION 13 
G J U L Y  - 12 JU L Y ,  1983 

V E C T g R  S C R L E  
-N 

17. 

I I '" 4P I "  I 



MLW 

C U R R E N T  V E C T O R  P L O T  
LOS R N G E L E S  H R R B O R  
S T F I T I O N  13 
13 JULY - 19 JULY, 1983 

CURRENT 
V E C T O R  SCRLE 

------ N 



STRTION 13 
20 JULY - 26 JULY, 1983 

C U R R E N T  
V E C T U R  SCRLE  

20 2 1 2 2 2 3 211. 2 5 26 

C R L E N D R R  D R T E  



V E C T O R  SCRLE 
- N  

27  2 8 2 9 3 0 3 1 1 2 

C R L E N D R R  D R T E  



HLW I 
C U R R E N T  V E C T O R  PLgT 
LOS QNGELES H Q R B U R  
STRTION 111 
30 J U N E  - G JULY, 1983 

CURRENT 

V E C T O R  SCRLE 
-N 
0 30 CM/S 

2 3 '4 5 

CRLENDRR D R T E  



S T F l T I C l N  1I1 
7 JULY - 13 J U L Y ,  1983 

- 
5 
L 
b- 
a- 
W 
0 

V E C T O R  S C R L E  

7 8 9 10 1 1  12 13 

C R L E N D R R  D R T E  



L O S  R N G E L E S  H R R B O R  
S T R T I C l N  1 4  
1 4  JULY - 20 JULY, 1983 

- 
E 
iz 
t 
0- 
W 
0 

CURRENT 
V E C T O R  S C Q L E  

- N  

1 1-1 ' 1 5 1 6  17  18 1 9  20 

C R L E N D R R  D R T E  



LOS RNGELES H R R B O R  
S T F l T I U N  1 U  
21 JULY - 27 JULY, 1983 

- 
5 
s 
t- 
a. 
W 
0 

VECxTBR SCQLE 
-N 

. , . . E 8 

I I I I I I I I 

2 1 2 2 2 3 2 4 2 5  2 6  27 

CRLENDQR DRTE 



LOS RNGELES H R R B O R  
STQTION 1 4  
28 JULY - 2 R U G U S T ,  1983 

- 
x - 
1 
t 
a. 
W 
D 

C U R R E N T  
V E C T O R  S C A L E  

------ N 

2 8 29  3 0 3 1 1 2 3 

C R L E N D f l R  D R T E  



C U R R E N T  V E C T O R  P L O T  
L O S  R N G E L E S  HF lRBOR 
S T Q T I C I N  15 
1 U  JULY - 20 JULY, 1983 

C U R R E N T  

V E C T O R  SCRLE 
- N  
0 30 C M / S  

C A L E N D R R  D Q T E  



MLW 

C U R R E N T  V E C T O R  P L O T  
LOS FlNGELES H R R B O R  
S T F l T I O N  15 
21 JULY - 27 JULY, 1983 

C U R R E N T  
V E C T O R  SCRLE  
-- N 
0 30 CM/S 

2 2 23 2 L l  25 2 6 27 

C R L E N D A R  D A T E  



CURRENT 
VECTBR SCRLE 

. -N 
0 30 C M / S  



ML W 

C U R R E N T  V E C T O R  P L O T  
LOS RNGELES H R R B O R  
STRTION 19 
1 J U N E  - 7 J U N E ,  1983 

C U R R E N T  
V E C T O R  SCRLE 

-N 
0 30 C Y / S  



LOS Q N G E L E S  H R R B O R  
S T F I T I O N  1 9  
8 J U N E  - 1 4  J U N E ,  1983 

V E C T O R  SCALE 
------ N 

I I I I I I I I 

8 9 10 11 1 2  13 1 U 

C A L E N D R R  D R T E  

9 



S T F I T I O N  19 
15 J U N E  - 21 JUNE,  1983 

V E C T B R  S C R L E  
-N 

I I I I I I I I ,  

15 a 16 1 7  18 19 20 2 1 

C A L E N D R R  D R T E  



LOS RNGELES H R R B O R  
STF lT IC lN  19 
22 J U N E ,  1983 

V E C T O R  SCALE 
- N  

2 2 2 3 2 11 2 5 2 6  27 2 8 

C R L E N D A R  D A T E  



MLW 

C U R R E N T  V E C T O R  P L O T  
LOS R N G E L E S  Hf lRBUR 
S T R T I C I N  20 
2 J U N E  - 8 J U N E ,  1983 

C U R R E N T  
V E C T O R  SCRLE 

----* N 
0 30 C M / S  

CRLENDQR D R T E  



r 

- 
5 
L 
I- 
LL 
W 
0 

V E C T O R  SCALE 
-- N 

9 10 11  12 13 111 15 

C A L E N D A R  D A T E  



LOS Q N G E L E S  H R R B O R  
S T F I T I O N  20  
16 JUNE - 20 JUNE,  1983 

- 
E - 
I 
t- 
L 
W 
0 

C U R R E N T  
V E C T O R  SCRLE 

16 17 18  19 20 2 1 22  

C A L E N D A R  D R T E  



MLW 

- 
2L - 
r 
t- 
[L 
W 
13 

12.5 

C U R R E N T  V E C T O R  P L O T  
LOS QNGELES H R R B O R  
S T F I T I O N  2 1  
16 JUNE - 22 J U N E ,  1983  

C U R R E N T  
VECTBR SCALE 

-N 
0 30 C M / S  

I I I I I I I I, 

16  17  1 8  19 20 2 1 2 2  

C R L E N D R R  D A T E  



MLW 

- 
z 
u 

1 
t- 
a. 
W 
0 

12.5 

CURRENT V E C T O R  P L O T  
L O S  Q N G E L E S  H R R B O R  
STRTI6N 2 1  
23 J U N E  - 29  J U N E ,  1983  

C U R R E N T  
V E C T O R  SCf lLE 

------ N 
0 30 C M / S  

-. 

I I I I I I I I 

23 , 2rl 2 5 2 6 27 2 8 29 

C R L E N D R R  DRTE 



C U R R E N T  
V E C T O R  SCALE 

------ N 
0 30 C M / S  

, 

HLW 

- 
z - 
I 
t- 
o- 
w 
0 

12 .5  

C U R R E N T  V E C T O R  P L O T  
LgS R N G E L E S  HRRBBR 
S T F I T I O N  2 1  
30 JUNE - 5 JULY, 1983 

-- - - -- - -- 

I I I I I I 1 I 

30 , 1 2 3 11 5 G 

C A L E N D A R  D R T E  



S T R T I C I N  22  
1 JUNE - 7 J U N E ,  1983 

- 
x - 
1 
I- 
LL 
W 
n 

C U R R E N T  
V E C T O R  SCRLE  

- N  

L 
, , 

_- 1 I I I 

1 2 3 4 5 G 7 

C F I L E N D R R  D R T E  



STRTION 2 2  
8 JUNE - 1 4  J U N E ,  1983 

z - 
r 
l- 
a. 
W 
0 

CURRENT 
VECTBR SCRLE 

- N  

L 1 l . . . l  

,' ' .-14q> = ' \  - 1 -  

I I- 

8 9 10 11 12 13 14  

C A L E N D A R  D A T E  



LOS QNGELES H R R B O R  
S T R T I C I N  22 
15 J U N E  - 1 7  J U N E ,  1983 

- 
EI - 
I 
k- 
a. 
u 
n 

CURRENT 
VECTBR SCRLE 

- N  

I- I I 

15 16  1 7  18 19 2 0 2 1 

C R L E N D Q R  D A T E  



r- 

CURRENT VECTOR PLOT 
L B S  QNGELES H R R B D R  
STQTION 23 
15 J U N E  - 2 1  JUNE,  1983 

- 
r 
U 

1 
t- 
a. 
W 
0 

V E C T O R  SCALE 

15 16 17  18 19 2 0 2 1 

CRLENDRR DATE 



MLW 

C U R R E N T  V E C T O R  P L O T  
LOS RNGELES H R R B O R  

22 J U N E  - 28 JUNE,  1983 

C U R R E N T  
VECTCIR S C A L E  
- -.-- N 
0 30 C M / S  

I I I I I I I . ,  I 

22  2 3 2 4 2 5 26 2 7 28 

C R L E N D R R  D R T E  



LOS R N G E L E S  H R R B B R  
STRTIQN 23 
29 JUNE - 5 JULY, 1983 

- 
z - 
I 
t 
a. 
W 
0 

VECTBR SCALE 
-N 

1 I I I 1 I I I 

2 9 3 0 1 2 3 u 5 

C R L E N D R R  D R T E  



CURRENT VECTOR PLOT 
LOS RNGELES HQRBOR 
S T R T I C I N  2 3  
G J U L Y  - 12 J U L Y ,  1983 

C U R R E N T  
V E C T O R  S C A L E  

- - *  N 

CRLENDRR DRTE 



STRTION 2 3  
13  JULY - 19 JULY, 1983 

- 
E 
1 
I- 
L 
W 
cl 

V E C T O R  S C A L E  
--- N 

13 14: 15 16 1 7  18 19 

C R L E N D R R  D R T E  



MLW 
I 

C U R R E N T  V E C T O R  P L O T  
LOS QNGELES H R R B D R  
S T F I T I a N  23 
20  J U L Y  - 2 6  JULY,  1983 

C U R R E N T  
VECTBR SCRLE 

- N  
0 30 C M / S  

C R L E N D R R  D A T E  



MLW 

C U R R E N T  V E C T O R  P L O T  
LCIS RNGELES H Q R B O R  
STRTIC I IN  23 
27 JULY - 2 R U G U S T ,  1983 

C U R R E N T  
V E C T O R  SCALE 

------ N 

2 7  2 8 2 9 3 0 3 1 1 

CRLENDRR D Q T E  



L 

LOS RNGELES HRRBOR 
S T Q T I C I N  23 
3 Q U G U S T ,  1983 

- 
5 
1 
t- 
Q 
W 
0 

CURRENT 
V E C T O R  SCALE 

-----+ N 

I I I I I I I I 

3 tC 5 G 7 8 9 

C R L E N D R R  D R T E  



1 4  JULY - 20 JULY, 1983 

- 
t - 
I 
k- 
L 
W 
0 

V E C T B R  SCALE 
-- N 

111 15 16 17  18 19 20 

C R L E N D A R  D A T E  



2 1  J U L Y  - 2 7  JULY, 1 9 8 3  

C U R R E N T  V E C T O R  P L O T  
L O S  Q N G E L E S  H R R B O R  
S T F I T I O N  2U 

C U R R E N T  
V E C T O R  SCRLE - N 

0 30 C M / S  

2 2 23  2 11 25 2 6 27 

CRLENDRR DRTE 



MLU 

C U R R E N T  V E C T U R  P L O T  
L O S  Q N G E L E S  H Q R B O R  
S T R T I C I N  21-1 
28 JULY - 3 R U G U S T ,  1983 

C U R R E N T  

V E C T O R  SCALE 
-N 
0 30 C M / S  

2 8  , 29 3 0 3 1 1 2 

CRLENDRR D A T E  



MLW 
I 

C U R R E N T  V E C T O R  P L O T  
L O S  R N G E L E S  M Q R B D R  
S T Q T I O N  25 
15  J U N E  - 2 1  J U N E ,  1 9 8 3  

C U R R E N T  
V E C T O R  SCRLE 
-- N 
0 30 CM/S 

15 16 1 7  18  19 20 2 1 

C R L E N D R R  D A T E  



C U R R E N T  V E C T O R  P L O T  
LOS Q N G E L E S  H R R B O R  
S T Q T I C I N  25  
22 J U N E  - 28 JUNE,  1983 

- 
5 
1 
b- 
Q 
W 
n 

V E C T O R  SCALE ------ N 

VS"" "' F l ,r . 

I I I 1 I I I I 

2 2 2 3  2 4 2 5  2 6 2 7  2 8  

C R L E N D R R  D A T E  



MLW 

C U R R E N T  VECTOR PLOT 
L O S  Q N G E L E S  H R R B I J R  

29 J U N E  - 5 JULY,  1983 

C U R R E N T  

V E C T O R  SCRLE 
--d N 

I I I I I I I I 

29  3 0 1 2 3 4 5 

C R L E N D R R  D A T E  



S T F I T I O N  25 
G JULY - 12 JULY, 1983 

- 
r 
..d 

1 
t 
a_ 
W 
0 

V E C T O R  SCALE 
- N  

6 7 8 9 10 1 1  12 

CRLENDRR D R T E  



L- 

C U R R E N T  V E C T O R  PLOT 
L O S  Q N G E L E S  H R R B O R  
S T Q T I O N  25  
1 3  JULY - 18 JULY, 1 9 8 3  

- 
x - 
I 
k 
0- 
W 
0 

V E C T O R  SCf lLE  
------ N 

I I I I I I I I 

13 1 4  15 16 1 7  18 19 

C A L E N D A R  D R T E  



STRTION 26 
30 JUNE - G JULY, 1983 

- 
E - 
I + 
a. 
W 
0 

V E C T O R  SCRLE 
- N  

I I I I 1 I I I 

30 , 1 2 3 II 5 G 

C R L E N D R R  D A T E  



LUS QNGELES H Q R B O R  
STATION 26 
7 JULY - 13 JULY, 1983 

- 
2 
I 
t 
a. 
W 
n 

VECTBR SCRLE  
--- N 

7 8 9 10 1 1  1 2  13 

CRLENDRR DATE 

- 



C U R R E N T  V E C T O R  P L O T  
LO5 R N G E L E S  H R R B O R  
S T Q T I C I N  26 
1U JULY - 18 JULY, 1983  

- 
5 
I 
t- 
o- 
w 
0 

V E C T O R  S C A L E  
-N 

111 15 1 6  1 7  18 19 20 

CRLENDRR D A T E  



S T F I T I O N  30 
1 JUNE - 7 J U N E ,  1983 

- 
r - 
r 
k- 
a. 
W 
0 

V E C T U R  S C R L E  
- N  

1 2 3 II 5 6 7 

C R L E N D R R  D R T E  



L O S  R N G E L E S  H R R B O R  
S T F I T I O N  3 0  
8 JUNE - 1 4  J U N E ,  1 9 8 3  

- 
z - 
r 
I- 
[1 
W 
0 

V E C T O R  SCALE 
-N 

8 9 10 11 12 13 1 Q 

C R L E N D R R  D R T E  

7 







CURRENT 
V E C T O R  SCflLE 

-- N 
0 30 C M / S  

L O S  Q N G E L E S  H Q R B O R  
STQTION 3 3  
22 J U N E  - 2 8  J U N E ,  1983  

- 
r - 
I 
t- 
a. 
W 
0 

I I I I I A  I 

2 2 2 3 2 11 2 5 26 27 28 

C R L E N D R R  D R T E  



C U R R E N T  
V E C T O R  S C A L E  

--- N 
0 30 C M / S  



C U R R E N T  
V E C T O R  SCRLE 

- N  
0 30 C M / S  



L O S  QNGELES H R R B U R  
S T F I T I O N  35 
23 JUNE - 29 JUNE,  1983 

- 
E - 
L 
F 
L L  
W 
0 

C U R R E N T  
V E C T O R  SCALE 

-N 
0 30 CM/S 

I 1 I I I I I I 

23 2 1 2 5 2 6 27 28 29 

C R L E N D R R  D R T E  



C U R R E N T  
V E C T O R  SCRLE 

------- N 
0 30 CM/S 



APPENDIX C: TIDE DATA 
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APPENDIX D: WIND DATA 



LdNG B E R C H  A I R P O R T  W I N D  O R T A  

1 M R Y  - 5 Q U G U S T ,  1983 



WIND V E C T O R  PLOT 
LONG BEACH R I R P O R T  W I N D  D A T A  

1 M R Y  - 7 M R Y ,  1983 

W I N D  
V E C T O R  SCRLE 

--------a N 
0 2U MPH 



WIND V E C T O R  PLOT 
LONG BERCH AIRPORT W I N D  D R T A  

8 M R Y  - 14  M R Y ,  1983 

I I I I I I I I 

8 9 10 1 1  12 13 111 

CALENDAR D A T E  

W I N D  
V E C T O R  SCRLE -- N 

0 24 MPH 



W I N D  VECTOR P L O T  
LONG BEACH A I R P O R T  W I N D  D R T A  

15 M R Y  - 2 1  M R Y .  1983 

CRLENDAR D R T E  

W I N D  
V E C T O R  SCRLE 

--.-- - a N  
0 2U MPH 



WIND V E C T O R  P L O T  
LONG BEACH AIRPORT W I N D  D R T R  

2 2  M R Y  - 2 8  M F l Y ,  1983 

WIND 
V E C T O R  SCRLE 

d Pi 
0 2U MPH 

I I I I I I I I 

22  23 2U 2 5 26 27 28 

CRLENDAR D R T E  



W I N D  V E C T O R  P L O T  
LONG BEACH AIRPORT W I N D  D R T R  

29 M R Y  - L4 J U N E ,  1983  

C A L E N D A R  D A T E  

W I N D  
V E C T O R  SCALE 

--------a N 
0 2 U  MPH 



r 

W I N D  V E C T O R  P L O T  
LONG BERCH RIRPORT W I N D  D R T R  

5 JUNE - 11 JUNE,  1983 

'Y 

I I / , , , I  I I I I 

5 G 7 8 9 10 11 

CRLENDAR D A T E  

W I N D  
V E C T O R  SCALE 

-----4 N 
0 2q MPH 



WIND V E C T O R  P L O T  
LONG B E A C H  R I R P O R T  WIND D A T R  

1 2  JUNE - 18 J U N E ,  1983 

' " I  - / A -  - fi' 

I I I I I I I I 

12  13 1 11 15 16 1 7  18 

CRLENDRR D A T E  

H I N D  
V E C T O R  SCALE 

-N 
0 2U MPM 



W I N D  V E C T O R  P L O T  
LONG B E A C H  RIRPORT W I N D  D A T A  

19 JUNE - 25  J U N E ,  1983 

W I N D  
V E C T O R  SCRLE 

+ N  
0 24 MPH 



W I N D  V E C T O R  P L O T  
LONG B E A C H  RIRPORT W I N D  DRTR 

2 6  J U N E  - 2 JULY, 1983  

I I I I I I I I 

W I N D  
V E C T O R  SCRLE 

-------a N 
0 24 MPH 

26 27 28 2 9 30 1 2 

CALENDRR D R T E  



WIND VECTCIR PLOT 
LONG BEACH AIRPORT W I N D  DRTR 

3 4 5 G 7 8 9 

CALENDAR DATE 

3 JULY - 9 JULY, 1983  

W I N D  
V E C T O R  S C A L E  

W N  
0 2U MPH 



WIND VECTOR P L O T  
LONG BEf lCH  A I R P O R T  WIND DATA 

10 J U L Y  - 1 6  J U L Y ,  1983 

CRLENDf lR D A T E  

W I N D  
V E C T O R  SCRLE 

F N  
0 24  MPH 



17  18 19 20 2 1 22 23 

CALENDAR D A T E  

W I N O  V E C T O R  P L O T  
LONG BEACH RIRPORT W I N D  D A T A  

17  JULY - 2 3  JULY, 1983 

I I I I I 1 I I 

W I N D  
V E C T O R  SCALE 

A N  
0 2'4 MPH 



211 25 26 27 28 29 3 0 

CRLENDRR DATE 

W I N D  V E C T O R  P L U T  
LONG BERCH RIRPORT WIND D A T R  

24 J U L Y  - 3 0  J U L . Y ,  1983 

W I N D  
V E C T O R  S C A L E  

-N 
0 24 MPH 



W I N D  V E C T O R  P L O T  
LONG B E A C H  RIRPORT W I N D  D A T R  

3 1 1 2 3 11 5 6 

CALENDRR D A T E  

, 31  JULY - 5 RUGUST, 1983 

W I N D  
V E C T O R  SCRLE 

-N 
0 211 MPH 
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